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(54) Two stage scroll compressor 

(57) A two-stage air-cooled, oil-free scroll conpres- 
sor comprising a scroll mechanism for compressing 
fluid, includes a first stage 1 , 3 and a second stage 1 , 2 
scroll mechanism, fluid having been compressed in the 
first stage scroll mechanism being further compressed 
in the second stage scroll mechanism for discharging. 

Check valve means 9,10 are disposed between the 



first stage and second stage scroll mechanisms and on 
the discharge side of the second stage scroll mecha- 
nism, for preventing the reverse flow of outside fluid into 
the compression chambers S1 , S2 when the fluid pres- 
sure in the compression chambers of the scroll mecha- 
nisms Is lower than the outside pressure of said 
compression chambers. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to air-cooled oil-free scroll 
compressors for improving the compression efficiency 
and durability of scroll compressors. 

Description of the Related Art 



In a prior art scroll compressor, fluid in a sealed 
space which is defined by revolving and stationary scroll 
laps or by drive and driven scroll laps, is compressed 
with progressive volume reduction of the sealed space 
as the sealed space being displaced from the outer 
periphery of the laps which are spiral in shape, and the 
compressed fluid is discharged through a discharge 
port provided in a central part of the scroll compressor. 

Such scroll compressors generate less noise and 
are less vibrated compared to reciprocal compressors, 
while being based on rotary compression in operational 
principle and high in compression efficiency. Thus, they 
are recently finding applications to air compressors and 
many other industries concerning the compression of 
refrigerant gas in freezers, vacuum generators and so 
forth. 

Fig. 7 shows a prior art vacuum pump using a twin 
oil-free scroll compressor. 

In this vacuum pump, a revolving scroll which has 
laps each provided on opposite surfaces of a scroll 
body, is disposed between one side and opposite side 
of stationary scrolls. One of the two laps is engaged with 
a lap provided on one surface of one of the stationary 
scroll, and tiie other lap is engaged with a lap provided 
on one surface of the other stationary scroll. 

Referring to Fig. 7. in a vacuum pump body gener- 
ally designated by reference numeral 126, a space is 
defined by two stationary scrolls 127A and 127B. In this 
space, a twin revolving scroll 128 is disposed. 

The stationary scroll 127A has a lap 137 having a 
spiral form. The stationary scroll 127B has a lap 138 
having the same form. 

The revolving scroll 128 has laps 139 each formed 
on each surface of its disc-like body and engaging with 
each of the laps 137 or 138 in 180-degree out-of-phase 
therewith. 

The laps 139 of tiie revolving scrolls 128 each have 
a groove formed in tiie tip. and the laps 137 and 138 of 
the stationary scrolls 127A and 127B each have a 
groove formed in the tip. A self- lubricating tip seal 31 
having an involute form is fitted in each of the grooves 
noted above to maintain gas tightness between sealed 
space compressed with the volumes thereof reduced 
progressively and adjacent sealed space. 

An end wall of a disc-like body of each stationary 
scroll 127 A and 127B which faces witii the mirror-fin- 



ished surface of the plate of the revolving scroll 1 28 and 
forms the surface of a wall accommodating those laps 
137, 138 and 139. has also a groove formed in the tip. 
In this groove, a ring-like self -lubricating dust seal 
5 132 is fitted to maintain the gas tightness between a 
sealed space accommodating tiie laps and ttie outside, 
and preventing intrusion of dust particles into the sealed 

space. . ^ , 

The stationary scroll 127A has an outer peripheral 
10 suction port 129 for sucking gas, and also has a nearly 
central discharge port 135 for discharged compressed 
gas. 

Ukewise. tiie other stationary scroll 127B has an 
outer peripheral suction port 130 for sucking gas. and 
15 also has a nearly central discharge port 136 for dis- 
charging compressed gas. 

The revolving scroll 128 has an eccentric shaft 145 
which is coupled to the rotor of a motor 144, and also 
has three crank pins 143 which are supported at posi- 
20 tions radially spaced apart by 120 degrees with the 
eccentric shaft 145 as tiie center. 

With the rotation of the shaft 145. the revolving 
scroll 128 is revolved, without being rotated, witii a fixed 
radius of revolving around the center of the laps of tiie 
25 stationary scrolls 1 27A and 1 27B. 

The shaft 145 has a fan 146 for cooling the station- 
ary scroll 127A with cooling fins 127Aa provided tiier- 
eon. 

The shaft 145 also has a fan 147 for cooling the sta- 
30 tionary scroll 127B witii cooling fins 127Ba provided 
thereon. 

With tiie above construction of the vacuum pump 
body 126. when the shaft 145 is rotated by driving the 
motor 144, gas is sucked through tiie suction ports 129 

35 and 130. 

Gas taken through tiie suction port 129 is progres- 
sively compressed in a sealed space defined by the sta- 
tionary scroll 127A and one lap 139 of the revolving 
scroll 128. and discharged tiirough the discharge port 
40 135. 

Gas taken through the suction port 130 is also pro- 
gressively compressed in a sealed space def ined by the 
stationary scroll 127B and the lap other 139 of tiie 
revolving scroll 128, and discharged through tiie dis- 
45 charge port 136. 

A sealed vessel 1 02 is connected via ducts 1 04 and 
1 05 to the suction port 1 29 of the stationary scroll 1 27 A. 

The sealed vessel 102 is also connected via duels 
104 and 106 to a three-way valve 108. which is in turn 
50 connected to tiie suction port 1 30 of the stationary scroll 
127B- 

The discharge port 136 of the stationary scrdi 
127B is communicated with the duct 121 . through which 
compressed gas can be discharged to the outside. 
55 The discharge port 135 of the stationary scroll 
1 27A is led to a duct 1 1 9 to a tiiree-way valve 9. tiirough 
which compressed gas can be discharged to tiie out- 
side. 
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Further another inlet/outlet ports of the three-way 
valves 108 and 109 are communicated with each other 
via a duct 120. 

An Electric controller 103 has an output terminal 
connected via a wiring 1 12 to an electromagnetic valve 
of the three-way valve 108, via a wiring 1 13 to an elec- 
tromagnetic valve of the three-way valve 109. via a wir- 
ing 110 to the motor 144, and thus it can operate the 
three-way valves 108 and 109 and control the motor 
144. 

Referring to Fig. 7, the electric controller 103 first 
communicates the discharge port 135 with the outside 
by controlling the three-way valve 109 and communi- 
cates a discharge end 102a of the sealed vessel 102 
and the suction port 129 of the stationary scroll 127 A 
with each other by controlling the three-way valve 108. 

When the motor 144 is driven at a predetermined 
rpm. a first stage evacuating pump part which is consti- 
tuted by the revolving scroll 1 28 and the stationary scroll 
127A, and a second stage evacuating pump part which 
is constituted by the revolving scroll 128 and the station- 
ary scroll 127B, are operated in parallel. 

Gas sucked directly from the discharge end 102a of 
the sealed vessel 102 through the ducts 104 and 105 
and suction port 129. discharges compressed gas from 
the discharge port 1 35 through the three-way valve 1 09 
to the outside. 

Also, gas sucked from the discharge end 102a of 
the sealed vessel 102 through the ducts 104 and 106. 
three-way valve 108 and suction port 130, discharges 
compressed gas from the discharge port 136 through 
the duct 121 to the outside. 

In a predetermined period of time, coarse evacua- 
tion to a vacuum of about 10"^ Torr Is made, whereupon 
the electric controller 103 communicates the ducts 119 
and 120 with each other by sending a control signal to 
the three-way valve 1 09. 

The electric controller 103 also blocks communica- 
tion between the sealed vessel 102 and the suction port 
130, and communicates the suction port 130 and the 
duct 120 with each other by sending an electric signal to 
the three-way valve 108. 

As a result, the first state evacuating pump part 
constituted by the revolving scroll 128 and the station- 
ary scroll 127A and the second stage evacuating pump 
part constituted by the revolving scroll 128 and the sta- 
tionary scroll 1276. are connected In series. 

As the operation of the vacuum pump proceeds, the 
pressure in the sealed vessel is reduced, that is. the 
vacuum degree therein is increased. With increasing 
vacuum degree in the sealed vessel, the pressure of 
gas taken into the sealed space of tiie vacuum pump 
body is reduced to Increase the compression ratio that 
is required for compressing gas up to the atmospheric 
pressure for discharging to the outside. 

In tiie above prior art vacuum punrip, in which the 
first and second evacuating pump parts are connected 
In series, the compression ratio Is doubled to reduce 



time required for compressing the gas up to the atmos- 
pheric pressure for discharging to the outside. 

In the above scroll compressor, fluid in the sealed 
space defined by the scroll laps is compressed as the 
5 sealed space is progressively reduced in volume and 
displaced from the outer periphery of the spiral laps, 
and compressed gas Is discharged from the central dis- 
charge port. 

This means that when the pressure in the discharge 
10 port is higher than the pressure in the final sealed 
space, which results from the Initial sealed space, 
reverse flow of the discharged fluid back to the final 
sealed space takes place. 

In such a case, dust particles or moisture con- 
75 talned, if any, in the fluid in the reverse flow, would 
cause damage to the scroll lap surfaces and reduce the 
compression efficiency of the scroll machine. 

This scroll machine, in which gas in the sealed 
space is led toward the center of the machine as it is 
20 progressively compressed, poses another problem that 
the compression of fluid causes temperature rise in the 
sealed space between the laps, thus promoting the 
deterioration of bearings, seals, etc. in driven parts. 
Heretofore, the scrolls are cooled to suppress tempera- 
25 ture rise beyond a predetermined temperature. 

A well-known cooling system is, as shown in Fig. 7, 
a non-driven part cooling system. In which the station- 
ary scrolls 127A and 127B are cooled by the fans 146 
and 147. 

30 In this non-driven part cooling system, however, the 
revolving scroll 128 which is disposed between the two 
stationary scrolls 127A and 127B, can not be directly 
cooled by the fans 146 and 147. so that it is difficult to 
reduce the high tennperature generated in the sealed 

35 space. 

A further problem is that gas in the sealed vessel to 
be evacuated readily contains moisture, because the 
temperature at which water is gasified is reduced with 
increasing vacuum degree. 

40 As the gas containing moisture is compressed in 
the sealed space, the moisture is liquified into water 
drops. These water drops are not discharged from the 
discharge part but remain In the sealed space, hammer- 
ing the lap surfaces defining the sealed space. This 

45 phenomenon is called water hammer phenomenon, 
causing damage to the Lap surfaces and generating 
noise. 

A further problem In the scroll compressor, in which 
a first stage and a second stage compression mecha- 

50 nism are connected in series, is posed by compressed 
fluid that is present between the two compression 
mechanisms. When the scroll compressor is started 
while compressed fluid is present between the two com- 
pression mechanisms, the load on the scroll compres- 

55 sor is increased to increase drive power consumption. 
In addition, the load increase reduces the durability of 
the machine. 
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OBJECT AND SUMMARY OF THE INVENTION 

In order to overcome the above drawbacks inherent 
In the prior art, the invention has an object of providing 
a scroll compressor, which can prevent discharged fluid 
from flowing back into the final sealed space and reduc- 
ing the compression efficiency of the scroll machine. 

Another object of the invention is to provide a scroll 
compressor, in which cooling is done efficiently. 

A further object of the invention is to provide a scroll 
compressor, which can remove generated water drops. 

A still further object of the invention is to provide a 
scroll compressor having a two-stage scroll mecha- 
nism, which can suppress load increase to reduce drive 
power consumption and improve durability. 

According to a first aspect of the invention, an air- 
cooled, oil -free scroll compressor for compressing fluid 
and discharging the compressed fluid to the outside, 
which comprises: 

check valve means (9, 10) are disposed on the dis- 
charge side of compression chambers {S1 , S2) of a 
scroll mechanism for preventing from the reverse 
flow of above outside fluid into the above compres- 
sion chambers when the fluid pressure in the com- 
pression chambers of the scroll mechanism is lower 
than the outside pressure of the above conrpres- 
sion chambers. 

According to the first aspect of the invention, the 
scroll mechanism for compressing fluid is effectively a 
two-stage air-cooled, oil-free scroll compressor includ- 
ing a first stage scroll mechanism (1 , 3)) and a second 
stage scroll mechanism (1, 2), fluid having been com- 
pressed in the first stage scroll mechanism being further 
compressed in the second scroll mechanism for dis- 
charging, the check valve means (9) being disposed 
between the first stage and second stage scroll mecha- 
nisms. 

According to the first aspect of the invention, the 
scroll mechanism for compressing fluid is effectively a 
two-stage air-cooled, oil-free scroll compressor includ- 
ing a first stage and a second stage scroll mechanism, 
fluid having been compressed in the first stage scroll 
mechanism being further compressed in the second 
stage scroll mechanism for discharging, the check valve 
means (9 and 10) being disposed between the first 
stage and second stage scroll mechanisms and on the 
discharge side of the second stage scroll mechanism, 
respectively. 

in this scroll compressor, fluid in the sealed spaces 
defined by the scroll laps, is compressed as the sealed 
spaces being progressively reduced in volume and 
moved from the outer periphery of the laps, which are 
spiral in shape, and the compressed fluid is discharged 
through a central discharge port provided outside the 
sealed spaces. 

When the pressure In final sealed spaces resulting 



from the above sealed spaces is lower than the pres- 
sure outside the sealed spaces, the discharged fluid 
flows back Into the final sealed spaces. 

The check valve means which is disposed between 

5 the first stage and second stage scroll mechanisms or 
on the discharge side of the second stage scroll mech- 
anism, prevents the reverse flow of fluid discharged 
from the sealed spaces. Without reverse flow of fluid, 
dust particles and moisture contained In the fluid neither 

10 causes damage to the scroll lap surfaces nor reduce the 
compression efficiency of the scroll machine. 

According to a second aspect of the invention, a 
two-stage air-cooled, oil-free scroll compressor is pro- 
vided, which comprises a scroll mechanism for com- 

15 pressing fluid, the scroll mechanism including a first 
stage and a second stage scroll mechanism each con- 
stituted by a revolving scroll and a stationary scroll, fluid 
having been compressed in the first stage scroll mech- 
anism being further compressed in the second stage 

20 scroll mechanism for discharging, the revolving scroll 
(1) including: 

a first disc (1d) and a second disc (1c) spaced apart 
a predetermined distance from each other; 

25 a cooling air passage space (1e) formed between 
the first and second discs (Id and 1c); 
a first lap (1b) and a second lap (la) formed on the 
first (Id) and second discs (1c) on the side thereof 
opposite the cooling gas passage space; 

30 the first stage scroll mechanism (1,3) being consti- 
tuted by the first lap (1b) and a first lap (3a) of the 
stationary scroll (3) engaging with the first lap (lb); 
the second stag scroll mechanism (1 , 2) being con- 
stituted by the second lap (la) and a second lap 

35 (2a) of the stationary scroti (2) engaging with the 
second lap (la). 

With the above construction according to the sec- 
ond aspect of the Invention, the first and second discs 

40 (Id, 1c) of the revolving scroll (1) is directly cooled by 
cooling air that is forced by fins (23) to pass through the 
cooling air passage space (1e), resulted in having a 
nice cooling efficiency. 

According to a third aspect of the invention, a two- 

45 Stage air-cooled, oil-free scroll compressor is provided, 
which comprises a scroll mechanism for compressing 
fluid, the scroll mechanism including a first stage and a 
second stage scroll mechanism, fluid having been com- 
pressed in the first stage scroll mechanism being further 

50 compressed in the second stage scroll mechanism for 
discharging, the scroll compressor further comprising: 

heat exchanger means (12) are disposed between 
the first stage and second stage mechanisms, for 
55 removing heat from fluid discharged from the first 
stage scroll mechanism. 

In this scroll compressor, as fluid is progressively 
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compressed in the sealed spaced defined by the laps 
while being moved toward the center, the temperature in 
the sealed spaces between lap is raised by compres- 
sion of the fluid. 

Compressed gas at the elevated temperature is fed 
from the first stage scroll mechanism to the second 
stage scroll mechanism and thence the second stage 
scroll mechanism is fed from a small room (31) for fur- 
ther compression for discharging through a discharge 
port (8). 

The heat exchanger means (12) which is disposed 
between the first stage and second stage scroll mecha- 
nism is fed from a small room (31), cools the com- 
pressed fluid fed to the second stage scroll mechanism. 
Thus, temperature rise beyond a predetermined tem- 
perature can be suppressed to put down progress of 
deterioration of bearings, seals, etc. provided in driven 
parts due to high heat. 

According to the third aspect of the invention, water 
separator means is effectively disposed downstream 
the heat exchanger means, for preventing introduction 
of moisture into the second stage scroll mechanism. 

With these construction, the water separator means 
(13) is provided downstream the heat exchanger means 
between the first stage and second stage scroll mecha- 
nisms, it is possible to prevent intrusion of moisture into 
the second stage scroll mechanism. 

Cooling of compressed fluid In the heat exchanger 
means causes condensation and liquefaction of water 
vapor in the compressed fluid by lobbing heat from the 
water vapor. 

However, fluid which is fed to the second stage 
scroll mechanism after water content separation by the 
water separator means. Is dry and without water con- 
tent. Thus, further compression of this air in the sealed 
space of second stage scroll mechanism, does not 
result in generation of any water drop due to liquefac- 
tion. It is thus possible to eliminate the water hammer 
phenomenon that water drops that would otherwise be 
generated in the sealed spaces remain there without 
being discharged through the discharge port and ham- 
mer the lap surfaces defining the sealed spaces to 
cause damage thereto and generate noise. 

According to a fourth aspect of the invention, a two- 
stage air-cooled, oil-free scroll mechanism is provided, 
which comprises a scroll mechanism for compressing 
fluid, the scroll mechanism including a first stage and a 
second stage scroll mechanism, fluid having been com- 
pressed in the first stage scroll mechanism being further 
compressed in the second stage scroll mechanism for 
discharging, the scroll compressor further comprising: 

fluid discharging means (14) are disposed between 
the first stage and second stage scroll mechanism, 
for suppressing load increase due to compression 
fluid entering the second stage scroll mechanism. 

With this construction according to the fourth 



aspect of the invention, at the start of the scroll mecha- 
nism, the residual fluid that is left between the first stage 
and second stage saoll mechanisms after the previous 
driving of the scroll mechanism, is discharged to the 

5 outside using the fluid discharging means, thus reduc- 
ing the pressure in the space between the two scroll 
mechanisms. It is thus possible to prevent high load of 
the residual compressed fluid from being applied to the 
scroll mechanism, thus preventing drive power con- 

10 sumption increase and also preventing durability deteri- 
oration of the machine due to load increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a sectional view showing an embodiment 
of the scroll compressor according to the invention; 
Fig. 2 is a side view showing a revolving scroll in the 
embodiment of the invention; 
Rg. 3 is a view taken along line A-A in Fig. 1 ; 
Fig. 4 is a view taken along line B-B in Fig. 1 ; 
Fig. 5 Is a view taken along line C-C in Fig. 1 ; 
Fig. 6 is a view taken along line D-D in Fig. 1 ; and 
Fig. 7 is a schematic view showing a scroll com- 
pressor In the related prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



An embodiment of the invention will now be 

30 described in detail. It is to be construed that unless par- 
ticularly specified the sizes, materials, shapes, relative 
position and so forth of components described in con- 
nection with the embodiment have no sense of limiting 
the scope of the invention but are merely exemplary. 

35 The embodiment will now be described with refer- 
ence to Figs. 1 and 2. Fig. 1 is a sectional view showing 
a two-stage air-cooled oil-free scroll conpressor 
embodying the invention. Fig. 2 is a side view showing a 
revolving scroll. 

40 Referring to these figures, reference numeral 1 des- 
ignates a revolving scroll, which includes disc 1c having 
a spiral lap la and a disc Id having a spiral lap lb. The 
discs 1c and id are coupled to each other by a plurality 
of intervening fins 23 which define a cooling air passage 

45 space 1 e for air cooling. 

Cooling air is forced by a fan (not shown) into the 
space 1e from the upper left or right in Fig. 1. 

The spiral laps la and lb each have a tip groove 
formed in the tip, and self-lubricating tip seals 27 are 

50 each fitted in each tip groove such as to be in frictional 
contact with the opposed mirror-finished surfaces, thus 
defining sealed spaces with the laps. 

The spiral lap lb has a greater number of turns than 
the spiral lap la. These laps are rotatable at the same 

55 axis and made integral at the axis. 

The disc Id of the revolving scroll 1 has three posts 
20 provided adjacent Its outer periphery at a radial inter- 
nal of 120 degrees and each and carrying a rotatable 
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roller 36 at the free end. 

A pan-shaped first stage stationary scroll 3 is dis- 
posed on the side of the disc Id of the revolving scroll 1 . 
and its bottom 3b has a suction port 5 provided adjacent 
the outer periphery. 

A suction filter 21 , from which fluid is led form fluid 
source or a vessel to be evacuated (not shown) via a 
duct 35 for being sucked through the suction port 5, and 
a plurality of cooling fins 24, are provided on the bottom 
3b adjacent the outer periphery thereof. 

The first stage stationary scroll 3 has a central 
space 3c defined by a bottom deeper than the periph- 
eral bottom 3b and a peripheral wall 3e. The peripheral 
wall 3e has a groove formed in its tip or top opposite the 
bottom, and a self-lubricating tip seal 26 is fitted in the 
groove. 

The bottom 3b has a discharge port 6 formed near 
the peripheral wall 3e. 

On the outlet side of the discharge port 6, a small 
room 29 is provided, and a check valve 9 of a lead valve 
type is provided in the small room 29. 

The bottom 3b has a spiral lap 3a provided on the 
inner side. The lap 3a extends from the vicinity of the 
discharge Port 6 and is engaging with the lap 1b of the 
revolving scroll 1 . The lap 3a has a groove formed in the 
tip, and a self-lubricating tip seal 27 is fitted in the 
groove and in frictional contact with the opposed mirror 
surface of the disc 1d of the revolving scroll 1. 

The central space 3c of the first stage stationary 
scroll 3 has a bearing section 3d. and axially spaced- 
apart bearings 16 and 17 are provided in the bearing 
section 3d. A drive shaft 4 is rotatably supported in the 
bearings 16 and 17. 

The drive shaft 4 has an eccentric shaft 4a as an 
end portion. The eccentric shaft 4a is rotatably fitted in 
the revolving scroll 1 via a bearing 18, and can cause 
revolving of the revolving scroll 1 . 

The drive shaft 4 has a pulley 19 mounted at the 
other end and rotatable from a motor (not shown). 

A second stage stationary scroll 2 is disposed on 
the side of the disc lc of the revolving scroll 1 , and it has 
a stationary disc 2b with a plurality of cooling fins 22 
provided on the outer surface. The stationary disc 2b 
has a perpendicular spiral lap 2a provided on its inner 
min-or surface and engaging with the lap la of the 
revolving scroll 1. 

The stationary disc 2b has a circular groove 2c 
formed in the inner surface, and the rollers 36 carried by 
the posts 20 provided on the disc 1c of the revolving 
scroll 1 adjacent the outer periphery thereof, are fitted 
for revolving in the groove 2c. 

The posts 20, rollers 36 and groove 2c. constitute a 
revolving mechanism, which permits revolving of the 
revolving scroll 1 driven by the eccentric shaft 4a with 
respect to the stationary scrolls 2 and 3 while preventing 
rotation of the revolving scroll 1 . 

The stationary disc 2b has a peripheral wall 28 sur- 
rounding the lap 2a. The peripheral wall 28 has a tip 



groove, and a self-lubricating tip seal 25 is fitted in the 
groove. 

The tip seal 25 is in frictional contact with the mir- 
ror-finished surface of disc C of the revolving scroll 1 
5 and holding the gas tightness of the space inside the 
peripheral wall 28. 

The stationary disc 2b toeing formed in its portion 
outside the lap 2a in the peripheral wall 28 has a suction 
port 7 near the peripheral wall 28 and a discharge port 
10 8 in the central portion of the peripheral wall 28. 

On the outlet side of the discharge port 8, a small 
room 30 is provided. A check valve 1 0 Is disposed in the 
small room 30, and a duct 32 leading to the outside Is 
provided on the small room 30. 
15 On the inlet side of the suction port 7. a small room 
31 is provided, which s connected to a water separator 
13 via a duct 33. 

The water separator 13 is connected to an air- 
cooled heat exchanger 12 via a duct 34. 
20 The heat exchanger 12 is connected via a duct 1 1 
to a small room 29. through which the first stage side 
compressed gas is discharged. 

A release valve 14 with a discharge duct 15 is pro- 
vided between the heat exchanger 12 and the small 
25 room 29. 

The release valve 14 serves to cause discharge of 
compressed air retained in the duct 1 1 after stopping 
the operation of the scroll compressor and thus allevi- 
ates the load at the time of the start, and it is operable 
30 according to an external signal or by a mechanical sys- 
tem. 

In the operation of above-mentioned embodiment, 
the check valve of lead valve type is used as the means 
to prevent the reverse flow of fluid, but the ball valve is 
35 also used for them. 

The means to prevent the reverse flow is provided 
in the small room 29 or 30, but it is also all right to pro- 
vide in the passage of discharge port 6 or 8. 

The fluid discharging means (release valve) 14 is 
40 provided in the duct 11, but for example, it could have 
the same effect, even if it Is provided in the duct 33 or 
the suction port 7 of second stage scroll mechanisms. 

The operation of the emtxxJiment having the above 
construction will now be desaibed. 
45 Since the small room 29 is in communication with 
the duct 11, the check valve 9 in the small room 29 
holds the discharge port 6 closed when the pressure of 
fluid remaining in the duct 1 1 is higher than the pressure 
in the sealed space SI in the first stage scroll mecha- 
so nism. 

Prior to the driving of the revolving scroll, the 
release valve 14 is operated to discharge the fluid 
remaining in the duct 1 1 through the discharge duct 1 5. 

The drive shaft 4 is rotated by the pulley 19. which 
55 is coupled to a drive source (not shown). 

Since the eccentric shaft 4a as an end portion of 
the drive shaft 4 is rotatably fitted in the revolving scroll 
1. the revolving scroll 1 is revolved. As for the scope of 
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the revolution, since the roller 36 carried by the post 36 
provided on the revolving scroll 1 adjacent the edge 
thereof is restricted by the groove 2c in the stationary 
scroll 2c, the revolving scroll 1 is revolved about the 
center of the stationary scroll. 

Fluid being passed via filter 21 from a fluid source 
(not shown) connected to the duct 35 is sucked through 
the suction port 5 (Fig. 6). 

The fluid is taken in the sealed space SI defined by 
the lap lb of the revolving scroti 1 and the lap 3 of the 
stationary scroll 3 In the first stage scroll mechanism. 

With the driving of the revolving scroll 3, the volume 
of the sealed space Si is progressively reduced to com- 
press the fluid Into compressed fluid. 

The compressed fluid pushes the check valve 9 dis- 
posed in the small room 29 and is discharged into the 
small room 29. 

The compressed fluid is led through the duct 1 1 into 
the heat exchanger 12 and cooled down. Moisture con- 
tent is thus condensed and separated from the com- 
pressed fluid by the centrifugal separating action of the 
water separator 13. The resultant dry compressed gas 
is led through the duct 33 into the small room 31 in the 
second stage stationary scroll 2. 

As has been shown, since cooled compressed fluid 
is led to the second stage scroll mechanism, it is possi- 
ble to suppress temperature rise beyond a predeter- 
mined pressure, thus suppressing the progress of 
deterioration of bearings, seals, etc. in driven parts due 
to high heat. 

In addition, since the water separator means 13 is 
provided downstream the heat exchanger means 
between the first stage and second stage scroll mecha- 
nisms, it is possible to prevent intrusion of moisture into 
the second stage scroll mechanism and led dry com- 
pressed fluid be i ntroduced . 

Specifically, cooling compressed fluid by the heat 
exchange means has an effect of condensing and lique- 
fying water vapor In the compressed fluid by lobbing 
heat of the water vapor. 

Even in this case, the water content is separated by 
the water separator means, and dry fluid enters the sec- 
ond stage scroll mechanism. Thus, no water drop due to 
liquefaction is generated by further compression of this 
air in the second stage scroll mechanism, and it is pos- 
sible to eliminate the water hammer phenomenon that 
water drops that would otherwise be generated in the 
sealed spaces and remain there without being dis- 
charged through the discharge port, hammer the lap 
surfaces defining the sealed spaces to cause damage 
thereto and generate noise. 

At the start of the scroll mechanism, residual com- 
pressed fluid that remains between the first stage and 
second stage scroll mechanisms after the previous driv- 
ing of the scroll mechanism, is discharged to the outside 
using the fluid discharging means, thus reducing the 
pressure in the space between the scroll mechanisms. 
It is thus possible to prevent high load of the residual 



compressed fluid from being applied to the scroll mech- 
anism, thus preventing drive power consumption 
increase and also preventing durability deterioration Of 
the machine due to load increase. 

5 ■ Since the small room 30 and the duct 32 are in 
communication with each other, the check valve 10 in 
the small room 30 of the second stage scroll 2 holds the 
discharge port 8 closed when the pressure in the duct 
32 is higher than the pressure in the sealed space S2 of 

10 the second stage scroll mechanism. 

As shown in Fig. 4, compressed fluid introduced 
from the first stage scroll mechanism into the small 
room 31, flows through the inlet port 7 into the space 
defined by the peripheral wall 28 to be taken in the 

15 sealed spaces S2 and 32' with the driving of the revolv- 
ing scroll 1. and the compressed fluid is discharged into 
the duct 32 by pushing the check valve 10 disposed in 
the small room 30. 

With the provision of the check valve on the dis- 

20 charge side of the second stage scroll mechanism, 
reverse flow of fluid discharged from the sealed spaces 
is prevented. Without reverse flow of fluid, dust particles 
and moisture contained in the fluid neither causes dam- 
age to the scroll lap surfaces nor reduce the cornpres- 

25 sion efficiency of the scroll machine. 

As has been described in the foregoing, in this 
embodiment the revolving scroll 1 includes the disc 1c 
having the spiral lap la and the disc Id having the spiral 
lap lb. the discs 1c and Id being coupled together by a 

30 plurality of fins 23 defining the cooling air passage 
space 1e, through which cooling air is passed. The 
discs Id and 1c of the revolving scroll 1 thus can be 
directly cooled, and efficient is obtainable. 

The cooling effect can be promoted by the stinring 

35 of the cooling air in the space 1e with the revolving of 
the revolving scroll 1 . 

Also, in this embodiment the laps la and 1b of the 
revolving scrolls 1 and 1b have the self-lubricating tip 
seals 27 fitted in their tip grooves and in frictional con- 

40 tact with the opposed mirror surfaces, thus forming the 
gas-tight sealed spaces together with the laps. Also, the 
lap 3a on the inner surface of the bottom 3b, spirally 
extending from the vicinity of the discharge port 6 
toward the outer periphery, is engaging with the lap 1b 

45 of the revolving scroll 1 , and it has the self -lubricating tip 
seal 27 fitted in its tip groove and in frictional contact 
v«th the mirror surface of the disc Id of the revolving 
scroll 1. Further, the laps 1b and 3a of the first stage 
scroll mechanism are surrounded by the inner sur- 

50 rounding wall and the peripheral wall 3e of the station- 
ary scroll 3 with the self-lubricating tip seal 26, and the 
lap la and 2a of the second stage scroll mechanism are 
surrounded by the peripheral wall 28 of the stationary 
scroll 2 with the self -lubricating tip seal 25. Sealed 

55 spaces are thus formed by the wall surfaces of the laps 
and the mirror surfaces opposed by the tip seals, and 
the tip seals prevent leakage from between the contact 
surfaces and permits oil-free scroll mechanism driving. 
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Moreover, in this embodiment the laps of the first 
stage scroll mechanism has a greater number of turns 
than the laps of the second stage scroll mechanism, 
and that the sealed spaces in the second stage scroif 
mechanism are formed such that a volume of com- 5 
pressed fluid equal to or less than the volume of fluid 
compressed in the first stage scroll mechanism is taken 
in the second stage scroll mechanism. Thus, in the sta- 
ble operating stage, while fluid under a constant pres- 
sure Is taken in the first stage scroll mechanism, the 10 
compressed fluid that is fed from the first stage scroll 
mechanism to the second stage scroll mechanism, is 
not expanded until it is taken in the second stage scroll 
mechanism after being discharged from the first stage 
scroll mechanism. Without expansion of the com- 75 
pressed fluid, the compression efficiency is not 
reduced. 

Claims 

20 

1. A scroll compressor for compressing fluid and dis- 
charging compressed fluid to the outside, said 
scroll conpressor comprising: 



comprising a scroll mechanism for compressing 
fluid, said scroll mechanism including a first stage 
(1, 3) and a second stage (1,2) scroll mechanism 
each constituted by a revolving scroll (1) and a sta- 
tionary scroll (2, 3), fluid having been compressed 
in said first stage scroll mechanism being further 
compressed in said second stage scroll mechanism 
for discharging, said revolving scroll including: 

a first (1d) and a second disc (1c) spaced apart 
a predetermined distance from each other; 
a cooling air passage space (le) formed 
between said first and second discs; and 
a first (lb) and a second lap (la) formed on 
said first and second discs on the side thereof 
opposite said cooling gas passage ^^ace; 
said first stage scroll mechanism (1 , 3) being 
constituted by said first lap (1b) and a first sta- 
tionary scroll lap (3a) engaging said first lap; 
said second stage scroll mechanism (1. 2) 
being constituted by said second lap (1a) and a 
second stationary scroll lap (2a) engaging said 
second lap. 
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check valve means (9, 10) disposed on the dis- 25 5. 
charge side of a compression chamber (SI , 
S2) of a scroll mechanism (1 . 2. 3) for prevent- 
ing the reverse flow of above outside fluid into 
said compression chamber when the fluid pres- 
sure in said compression chamber of the scroll 30 
mechanism is lower than the outside pressure 
of said compression chamber. 



A two-stage air-cooled, oil-free scroll conrpressor 
comprising a scroll mechanism for compressing 
fluid, said scroll mechanism including a first stage 
(1. 3) and a second stage (1. 2) scroll mechanism, 
fluid having been compressed in said first stage 
scroll mechanism being further compressed in said 
second stage scroti mechanism for discharging, 
said scroll compressor further comprising: 



2. The compressor according to claim 1 , wherein said 
scroll mechanism for compressing fluid is a two- 
stage air-cooled, oil-free scroll compressor includ- 
ing a first stage (1. 3) and a second stage (1. 2) 
scroll mechanism, fluid having been compressed in 
said first stage scroll mechanism being further com- 
pressed in said second scroll mechanism for dis- 
charging, said check valve means (9) being 
disposed between said first stage and second scroll 
mechanisms. 

3. The compressor according to claim 1 , wherein said 
scroll mechanism for compressing fluid is a two- 
stage air-cooled, oil-free scroll compressor includ- 
ing a first stage (1.3) and a second stage (1, 2) 
scroll mechanism, fluid having been compressed in 
said first stage scroll mechanism being further com- 
pressed in said second stage scroll mechanism for 
discharging, said check valve means (9. 10) being 
disposed between said first stage and second 
stage scroll mechanisms, and on the discharge 
said of said second stage scroll mechanism, 
respectively. 

4. A two-stage air-cooled, oil-free scroll compressor 



heat exchanger means (12) disposed between 
35 said first stage and second stage scroll mecha- 

nisms, for removing heat from fluid discharged 
from said first stage scroll mechanism. 

6. The conrpressor according to claim 5, which further 
40 comprises water separator means (13) disposed 
downstream of said heat exchanger means (12), for 
preventing introduction of moisture into said second 
stage scroll mechanism (1. 2). 

45 7. A two-stage air-cooled, oil-free scroll mechanism 
comprising a scroll mechanism for compressing 
fluid, said scroll mechanism including a first stage 
(1 . 3) and a second stage (1 .2) scroll mechanism, 
fluid having been compressed in said first stage 

50 scroll mechanism being further compressed in said 
second stage scroll mechanism for discharging, 
said scroll compressor further comprising: 

fluid discharging means (1 4) disposed between 
55 said first stage and second stage scroll mecha- 

nisms, for suppressing load increase due to 
compressed fluid entering said second stage 
scroll mechanism. 
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